a>3 



CM 
CD 

M 



PATENT SPECIFICATION (u) 1319 652 



10 



15 



20 



25 



30 



35 



40 



45 



DRAWINGS ATTACHED 
(21) Application No. 39549/72 (22) Filed 12 June 1970 
(62) Divided out of No. 1319651 

(31) Convention Application No. 833952 (32) Filed 17 June 1969 in 
(33) United States of America (US) 
(44) Complete Specification published 6 June 1973 

(51) International Classification H04R 19/02 3 /06 

(52) Index at acceptance 

H4J 24A1A 24D 6C2 7BY 

(5jgIMmOVEAlENrS IN OR RELATING TO 
ELECTROSTATIC LOUDSPEAKERS AND SYSTEiVlS 
EMPLOYING SAME 




HAROLD NORMAN 
BEVERIDGE, a citizen of the United 
States of America, of 1616 Franceschi Road, 
Santa Barbara, State of California, United 
States^ of America, do hereby declare the 
ixivention, for which I pray that a patent 
may be granted to me, and the method by 
which it is to be performed, to be particu- 
larly described in and by the followinff state- 
ment: — 

This invention relates' to electrostatic loud- 
speakers. 

The invention provides an electrostatic 
loudspeaker comprising a diaphragm which has 
at least one conductive face and which is 
mounted imder tension, and an adjacent driver 
plate which comprises a conductive sheet and, 
on the side thereof facing the diaphragm, a 
dielectric portion which is substantially thidcer 
than an air gap which separates the dielectric 
portion and the diaphragm when the latter is 
in a neutral position, the relative permittivity 
of tiie dielectric portion being greater than 
30 at audible frequencies. 

The use of a driver plate which is rela- 
tively thick compared to the air gap and is 
of high relative permittivity permits the use 
of very high voltages, while concentrating the 
effective electric field to the air gap. The 
dielectric portion has a volume resistivity in 
the range from 10* to ohm centimetres 
in order to provide rapid leakage of charge 
from the inner face of the driver plate, should 
the diaphragm accidentally touch it, as when 
a transient occurs. It is the purpose of the 
tension mounting of the diaphragm ordinarily 
to prevent such detrimental contact^but when 
large transient signals occur— as when switch- 
ing FM channels — ^the signal may be so large 
as to cause the diaphragm to touch the driver 
plate and the low resistance here provided 
is found to be effective to conduct off rapidly 
the diarge to permit the diaphragm to resume 
proper operation. 

The dielectric portion is preferably more 
[Price 2Sp] 



than three times as thick as the adjacent air 
gap, even hough the ah: gap may be smaller 
than the preferred order of i inch. A relatively 
thick dielectric portion on the inner surface of 
the driver plate avoids power arcs vrfiile 50 
permitting a relatively high energy output per 
unit diaphragm area, judged against ordimary 
electrostatic speakers. The loudspeaker can 
present a capacitance of for example 750 to 
1000 pf per square foot of diaphragm area 55 
and total capcitance ranging up to 200O pf 
and above, with virtually no resistive imped- 
ance in the operative frequency range. 

The dielectric portion may be moulded of a* 
dieiecrtric material in whic^ is dispersed a 60 
substance of relatively much higher rdative 
permittivity, for example greater than 500. 
A farther additive is usd^ to Icvwer the 
volume resistivity of die electrode to prefer- 
ably about 10*" ohm centimetres. 65 

The loudspeaker is preferably of balanced 
construction in which two driver plates, each 
as aforesaid, are provided, one on eadi side 
of the diaphragm. 

The invention includes within its scope a 70 
loudspeaker arrangement induding a loud- 
speafoer as described, means for providing a 
polarizing voltage between tiie or each drhrer 
plate and an amplifier for audio frequency 
signals, connected to feed the loudspeaker. 75 
The^ invention also provides, as described 
hereinafter, a loudspeaker system including 
sudi an arrangement and an acoustic lens 
and enclosure for the loudspeaker. 

In the drawings: go 
Figure 1 is a cross-sectional view of a full 
audio range electrostatic speaker according 
to the invention including schematically an 
ampMer system; 

Figure 2 is a partially broken way peispeq- 85 
tive view of a preferred electrode plate; 

Figure 3 is a partial cross-sectional view of 
the speaker of Figures 1 and 2; 

Figure 4 is a cross-sectional view showing 
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an edge member being formed on the elec- 
trode plate of Kguie 2; 

Figure 5 is a cross-secUonal vi^w ot a 
balanced electrostatic transducer being formed 
fxom two electrodes in accordance witb l^igure 

Vigure 6 is a schematic utilized to illustrate 
the difficulty of using conventional amphfier 
ciraiitry to drive a capacitive load; 

Figure 7 is a simplified schemauc of an 
ampUfier for use with the elecrostatic loud- 
speaker illustrated in Figures 1 to 5; 

Figure 8 is a block diagram of an entire 
loudspeaker system embodying the mven- 

tion; and . , • 

' Figure 9 is a detailed schematic of 
tronS components connected to a balanced 
electrostatic loudspeaker. ^ 

Referring to Figure 1 there is shown an 
embodiment of a full range electrostatic loud- 
speaker in accordance with the mvmtion. The 
basic companents comprise an electojstatic 
transducer 10 inchiding a large flexible 
tensioned diaphragm 12 which comprises 
S^er fil^, sold under -Ae namj 
"MYLAR" (Roistered Trade Marie), coated 
nrr«.db broade r, with mctaL for «tample 
^a^i»m de posited almninium , a pair of iigid^ 
pl^TdnTO pktes 14 aiij'l6, an enclosure 
18 for the tr^duccr 10, ^ outlet passage 
in the form of a lens 20, and an amphfier 22 
including a feedback droiit 23, connected to 
feed the transducer. , 

The electrostatic transducer 10. extends 
acr^s one third of the full width W of 
enclosure 18, with a width W« of 13 mchcs 
and a lengdi (normal to the Figure) of 23 

^^e electrostatic transducer of this embodi- 
ment is of Ae balanced type aiKi the flexAle 
diaphragm 12 is held in taut condition between 
the two apertured plates 14, 16- , , _. 

The forward plate 16 is disposed immedi- 
ately adjacent the ii«fet 2Q. of a lens sttuc- 
ture 20 composed of walls 20i, 20- . • • <J"i9 
which are straight in the direction normal to 
the Figure but are spaced apart and curved 
in accordance with a special pattim m the 
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driver plates are, in accordance with the mven- 
tion, provided on the faces nearer the dia- 
phragm with dielectric portions which are 
SubSntially thicker, i.e, about 3 or more 
times greater in thickness than, die tiuckness 
of the air gap between each of the said por- 
tions and Ae diaphragm when tiie latter is m 
its neutral position. . , o 

Each dielectric portion is preferably a 
moulded dielectric body in whidi a substance 
of substantially hi^ei relative pamittivity 
(preferably greater than 500) has been dis- 
persed, a provision which readiljr penmte the 
obtained of a mean relative pemuttivity which 
is greater than 30. 

The body material may be select^ frcmi 
various mouldable didectiic substances that arc 
available; good results are adueved usmg 
epoxy, of relative permittiv^ Mow ten, »r 
example from four to six. To tius is added, 
before moulding, a dispersion of a sutet^ce 
of much higher permittivity (such as banum 
titanate of which the relative penmttivity is 
from 1000 to 1500). Advantageously, also a 
disperaon of a conductive substance (sudi as 
caihon) is added, having a lower volume 
resistivity than the body material to ad^eve 
a volume resistivity in the range of m to 

10" ohm centimetres. . 

The properties of the resultmg dnver 
plate are not hnear. In particular its per- 
mittivity drops at high frequencies to approxi- 
mately two-tiiirds of its low frequency value. 

The permittivity of the dielectnc portion 
preferably rcmams high enough in the fre- 
quency range of several hundr^ kilocycles 
per second to permit the use of tiiat order of 
faequency for determining tiie diaphrapis 
movement and velocity for negative feedback 
purposes, discussed further below. 

In a suitable procedure for preparmg the 
dielectric portions, barium titanate and carbon 
powders are- mixed togeAer with a smtably- 
proportioned mass of epoxy in the hqmd state, 
prior to reaction. The mixture is tiien cast 
into a-mould in die desired form and cured. 

Referring to Figures 4 and 5, the triangles 
in the cross-sections suggest the uniform dis- 



but hi normal use horizontaUy disposed) to 
define a series of adjacent channels which 
provide a narrow duroat for helpmg to Iowm 
5ie resonant frequency of the loudspeaker and 
also serving to disperse tiie high frcquenaes 
through a large angle <r. The construction ot 
tiie loudspeaker as far as tiie ttansducer and 
lens are concerned, forms tiie subject of our 
co-pending application for Letters Patent 
No. 28571/70 (Serial No. 13 1 9.65 r) from 
which tiie present appHcation is divided. 

Referring to Figure 5, the diaphragm 12 
is conductive on botii sides. Witii such dia- 
phragms the use of a bare conductive fixed 
driver plate would lead to power arcs that 
could destroy tiie diaphragm. However, tiie 



tiie circles suggest the uniform dispersion of 
carbon particles. Employing substantially 
equal wei^ts of barium titanate and epoxy, 
and carbon to approxmitely 5 per cent of 
tiie weight of the epoxy, produces a suitable 
didectric of which tiie relative permittivity is 
between 30 and 40 and of wludi the volume 
resistivity is approximately 10" ohm centi- 

™Slots which are moulded integrally into tiie 
dectirode plate 14 have lengtii L of 2 mches, 
a widtii Si of 1 1/16 inch on tiie side tiiat 
is to face the diaphragm and a widthJ>2 
of 1/8 inch on the side that faces away from 
tiie diaphragm. Each land between tiie slots 
converges in complementary naanner from a 
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width of 3/16 inch to a width of 1/8 inch. 
The diickness t is about 1/4 inch. 

The inlet surface of the electrode is cast 
precisely planar and smooth. The outlet sur- 
5 face is smooth and after formation is coated 
with a conductive layer 14c, Figure 5, e.g. an 
epoxy containing a dispersion of fine silver- 
coated particles, 
in fonnation the plate 14a is appro- 

priately jigged, see Figure 4, and an edge 
member 14b is moulded integrally therewith. 
A planar casting plate 38, e.g. of plate glass 
forms the inside edge surface 14c of the edge 
member 14*. A removable spacer 40 of uni- 
form thickness approximating the thickness 
Aff of the desired air gap between the plate 
and the diaphragm rests upon the casting 
plate 38 and directly supports the inlet surface 
of the electrode during this operation. Jig 
.-^ members 42 and 44 form the outline of iic 
edge member 14^^. The edge members may be 
formed of the same material as the dielectric 
body of the electrode plate, however omitting 
the additives. 
25 Referring to Figure 5, two such plates 14 
and 16 are brought together, inner surfaces 
directed toward each other and frame surfaces 
14c ahgned. The thin flexible conductive 
diaphragm 12 is disposed between the plates. 
Tension T fof several thousand p.s.i.) is 
applied to the diaphragm, whereupon the 
plates 14 and 16 are permanently clamped 
to the diaphragmsj e.g. by means of adhesive 
«- applied to mating surfaces 14c or by bolting 
the two electrodes together. The thus formed 
electrostatic driver is then ready for moimt- 
ing within the speaker enclosure. 

For full range electrostatic speakers the 
polarizing voltage across the fixed electrodes 
^ may range between about 2 to 8 kilovolts. 
Hie air gap between the diaphragm (in mid- 
position) and each fixed driver plate ranges 
between 1/20 to 1/10 inch. The thickness 
of each plate is preferably about 1/4 inch. 
^ The signal voltage is divided across the 
electrode thickness and the air gap. Little 
signal voltage is lost across a driver plate, 
the signal voltage being concentrated in the 
■ air gap by the electode of high dielectric 
50 constant. 

In a particular example the polarizing 
voltage together with the audio peak is 
established at 6,000 volts between diaphragm 
and electrode and the air gap A. is .070 
55 inch. 

The speaker just described imposes severe 
operating requirements upon the associated 
amplifier system. To obtain the requisite 
levels of audio output without requiring an 

60 unduly large diaphragm, the audio drive 
voltage must be quite high, a peak drive 
potential of 4,000 volts being employed. The 
speaker impedance is almost entirely capacitivc 
(3,000 to 6,000 pf.) and peak currents in 

65 excess of 300 ma. are sometimes required. 



miplying a peak output requirement of many 
hundreds of volt amperes. The output trans- 
formers generally used to drive conventional 
movmg-coil speakers (which have a relatively 
low and essentially resistive impedance, e.g 70 
aght ohms) are iU suited to the demands of 
this electrostatic speaker. Transformers hav- 
ing the requisite output are cumbersome, 
expensive, and present resonance problems 
when used to drive a capadtive load. 75 

A simple schematic is presented in Figure 
6 to illustrate the difficulties of driving an 
electrostatic speaker directly from the output 
of a conventional resistance-coupled amplifier 
An audio input si^al 52 is applied to amplify- 80 

^® * P^*^ ^PP^y voltage of 

+4,000 volts 2S applied to terminal 56. If 
capadtive load 60 is 3,000 pf, its impedance 
at 10 KHz is about 5,500 ohms. For Ac 
loss in response at that frequency, to be limited 85 
to three db., the plate resistor 58 can be no 
larger than 5,500 ohms. The plate supply 
would then have to furnish about 375 ma. or 
1,500 watts to terminal 56. This is, of course, 
highly ineffident and impractical. 90 

The inventor has devised a low-impedance 
amplifier circuit that produces the required 
output with efficiency, stability, linearity, and 
a relatively low-level input. A simplified 
schematic of this circuit is shown in Figiue 95 
7. An audio input signal 52 of about ten-volt 
amplitude is applied to the grid of pentode 
T3. (Like elements are designated with 
identical reference numerals throughout all the 
figures.) The terminal 56 plate supply of 100 
pentode T2 is +4,000 volts. Capadtor 60, 
representing the load presented by the electro- 
static speaker, has a value of 3,000 pf. A 
— 100 volt potential is applied to 10 K 
cathode resistor 62 at terminal 64. The output 105 
current to the load 60 may have a peak 
value of over 300 ma. in either direction. 

In the quiescent no-input state, pentode 
T3 develops a well-defined plate current of 
slightly over 1 ma, through the 2iVl feedback 110 
resistor 66. About 2040 volts is developed 
over resistor 66 so that point B settles at a 
quiescent voltage of about +2,000 volts, while 
pomt A settles. at about —40 volts. About 6 
ma. flows from terminal 56 through pentode 115 
T2, 7 K resistor 68 and pentode Tl. 

Point B is held stable at +2,000 volts by 
a feedback resistor 66. Should it tend to 
rise to a higher voltage, the voltage increase 
would be applied through resistor 66 to the 120 
grid of pentode Tl, causing Tl to conduct 
more heavily and thus lowering the output 
voltage at point B. Conversely, were the volt- 
age at point B to tend to fall to a lower 
value, the drop would also be fed back through 125 
resistor 66, reducing the conduction through 
pentode Tl and increasing the plate voltage 
of Tl and decreasing the voltage between grid 
and cathode of pentode T2 (the grid of T2 
is directly coupled to the plate of Tl). The 130 
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resulting increase in conducdoa through T2 
causes the voltage at point B ^ fse ^^tomg 
the equiUbrimn output value of +2,000 volte. 
The small-signal ou^t impedance of the 

5 circuit is extremely low. Assume, for example, 
that pentodes Tl and T2 each have a trans- 
conductance of 1000 microhms and that a one 
volt incremental voltage is apphed to point 
B This incremental voltage is fed bacfe 

10 through resistor 66 to the grid of Tl, resultmg 
in a ^e ma. increase in the plate current of 
Tl and a seven volt increase in the drop 
across resistor 68. The resulting seven volt 
• increase in the grid bias of T2 reduces &e 

15 catiiode current of T2 by seven ma. Tlie 
total change in current at point B (as seen^ 
the load) is thus the increase m the pl^ 
current of Tl plus the decrease m the cathode 
current of T2 (1 ma.+7 ma. =8 ma.), "^e 

20 smaU-signal output impedance of the amplitier 
is therefore only 1 volt/8 ma. =125 ohms. 

Only a few tens of volts of dnve are 
required from the plate of pentode T3 which, 
in driving point A, closely approximates a 

25 very linear constant current generator, ice 
large unbypassed cathode resistor 62 ^sirr^ 
th5 the effective output impedance o£ the T3 
stage is relatively high. (The ^ctive resist- 
ant looking into the plate ^T3 <^ ^e as 

30 high as 1 M.). Series-connected pentodes "l i 
and T2 function essentially as class B ampli- 
fiers, but the linearity of i^cir opwranon is 
greaky increased by the 40 to 50 db. of 
negative feedba(* provided by resistor 66. 

35 itodicr linearity improvement can be achiev^ 
bv customary feedback from pomt B to 5Z. 

For large signal inputs, the amphfier can 
furnish very high peak currents, both posi^ 
and negative, to load 60. When pentode T2 

40 conducte, the output current is limited only 
by the dirrent capacity of T2 at low or zero 
bks, and peak currents of many hundreds 
of ma. can be furnished to the load. 
When pentode Tl conducts, Ae output 

45 current is, in the first instance, hmited by 
the 7 K resistor 68. However, by diunting a 
100 volt Zener diode 70 across the resistor 
68, the voltage drop can be hmited to 100 
voits and thTcurrent which Tl can supply to 

50 the load can then, for all practical purposes, 
be limited only by the current capaaty of 
pentode Tl rather than by resistor 68. 

A block diagram showing the entire elec- 
tronic section of the system is presented in 

55 Figure. 8. This block diagram incorporates 
anjplifier elements sinular to diose shown 
in Figure 7 and in addition shows the audio 
feedback system used to damp the low fre- 
quency resonance of the system. 

60 An audio input signal 52 is apphed to mput 
amplifier 72, a high-impedana^ instant cm> 
rent stage or set of stages (which may ^n 
be soHd state) serving the function of pentode 
T3 in Figure 7 and also serwng to combme 

65 the audio input 52 with a feedback signal on 



line 73. Active devices 74 and 76, \diich 
occupy roles similar to those of pentodes 1.1 
and T2 respectively, (but of course need not 
necessarily be pentodes) arc connected in sems 
between a high voltage source at tetmmal 56 /u 
and ground. The diaphragm of electrostatic 
transducer 80 is electricaUy connected to Pomt 
B, the junction of active devices 74 and 70, 
as is fe^lback resistor 66. , ^ 'jn 

It is realized that damping of the low 75 
frequency lesDiiance peak is desired. To a 
extern degree this is possible by viscous 
damping, e.g. nSmg glass wool disposed 
immediate^ adjacent to the bade of the ttans- 
ducer as suggested in dotted hnes at 19a in 80 
Figure 1. ElectronicaUy Uns same damping is 
wdl afchleved by feedback system 82. A signal 
geiieratiSr 84 appKes a 260 Kc/s signal to 
the diaphragm. This signal induces cones- 
pondmg signals at electrode 86 and 88 of 85 
dectro^atic transducer 80. The amphtude of 
each of these signals varies with the dis&nce 
of the diaphragm from the electrodci the closer 
the diaphragm, the stronger the signaL The 
induced signals on tiie two electrodes are 90 
detected and summed at diaphragm displace- 
ment detector «7. Successful opet^on k irade 
possible by the fact tiiat With the didectnc 
dectrode made as described abore, a aib- 
stantial K (beUeved to be gTM^ ^out 95 

15) exists at the frequency of ihe 260 Kc/s 

signal. _ 

The resulting signal, centred around a zero 
voltage and ranging positive or negati^ 
depending upon the directian of diaphragm lOO 
displacement from the centre position, is pro- 
portional to diaphragm displacemmt and is 
in. quadrature with the transducer d'mw volt- 
age at the resonant frequency. Diaphragm 
excusion should be inversely proportional to 105 
the frequency squared (i.e, dBgacemoit 
decreases 12 db. for each oclave of frequjsncy 
increase). The output of diajrfiragm displace- 
ment detector 87 is appHed to drfrcrenoator 
89, which generates a signal advanced m HO 
phase by 90» (and thus approximatdy m 
phase with the drive voltage). The amphtude 
of this differentiated signal is inversely pio- 
portional to frequency and so decreases 6 
dm. for each octave of frequency increase. 115 

The differentiator output signal is applied, 
to feedback amplifier 90 which mtroducK a 
further 180*^ phase shift hi the signal. TbG 
output from the feedback amplifier is returned 
throurfi line 73 to constant current generator 120 
72 and there summed -mih audio input signal 
52. (The feedback system 82 is designed so 
that the feedback signal is significant only 
from about 20 Hz to about 200 Hz; its ph^e 
at those frequencies is such as to oppose the 125 
drive voltage.) To produce constant sound 
energy throughout the frequency range of the 
system (with constant drive amphtude) the 
system response curve should drop about 6 
db per octave. 
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A detailed schematic drawing is shown in 
Figure 9 of those system components repre- 
sented in block form in Figure 8. This practi- 
cal circuit illustrates on implementation of the 
5 electronic portions of the electrostatic speaker 
system. Obviously an equivalent circuit 
employing solidrState elements is possible. In 
certain embodiments two amplifiers of 
identical construction are employed, one con- 

10 nected to the diaphragm and the other to the 
fixed electrodesj with a 180® phase shift 
between the two. This arrangement is gener- 
ally suggested in Figure 1. For a given amount 
of audio signal a considerably more power- 

15 ful output is obtained, relative to a one- 
amplifier embodiment. 



WHAT I CLAIM IS; — 
1. An electrostatic loudspeaker comprising 
? *^^P^gn^. ^ida has at least one conductive 
.20 face and which is mounted under, tension, and 
an adjacent driver plate which comprises a 
conductive sheet and, on the side thereof fac- 
ing the diaphragm, a dielectric portion which 
is substantially thidker than an air gap which 
^ separates the dielectric portion and the 
diaphragm when the latter is in a 
neutral position, the relative permittivity of 
the dielectric portion being greater than 30 
at audible frequencies. 
30 2, An electrostatic loudspeaker according 
to claim 1 in which the dielearic portion is a 
dielectric body that contains a dispersion of 
dielectric material of which the relative per- 
nuttivity is much greater than that of the 
3^ material of the body. 

3. An electrostatic loudspeaker according 
to claini 2 in which the relative pemiittivity 
of Ae dispersed material is greater than 500 at 
audible frequencies. 
^ 4. An electrostatic loudspeaker according 
to any precedmg claim in which the dielectric 
portion has a volumetric resistivity in the range 
from 10» to 10^1 ohm centimetres. 

5. An electrostatic loudspeaker according to 
any preceding claim, being of balanced con- 
steuction in Trfiich two driver plates, each as 
aforesaid, are provided, one on each side of the 
diaphragm. 

Kf\' ^' ^ loudspeaker arrangement comprising 

50 an electrostatic loudspeaker according to any 
preceding claim, means for providing a 
polarizing voltage between the diaphragm and 
the or each driver plate and an amplifier for 
audio frequency signals, connected to feed 

55 the loudspeaker. 

7. A loudspeaker arrangement according to 
claim 6 in which the amplifier comprises first 
and second active amplifier devices in series, 
an output terminal, which is connerted 

60 between the active amplifier devices, and an 
active device constituted by a constant cur- 
rent generator which is connected to receive 
and amplify an audio signal, the output of 
the constant current generator being connected 



to an input of the first active amplifier device, 65 
the said output terminal being connected to 
the output of the constant current generator aad 
the output of the first active amplifier device 
being coupled to an input of the second active 
amplifier device. 70 

8. A loudspeaker arrangement according to 
claim 7 in which a signal generator is arranged 
to provide a signal, of relatively high fre- 
quency witii respect to the audio range, to the 
diaphragm, a circuit adapted to sense the high 75 
frequency signal as modulated by movement 
of the diaphragm and a feedback curcuit for 
coupling the modulated signal to the constant 
current^ generator in addition to the said 
audio signal. gQ 

9. A loudspeaker arrangement according 
to cliaim 8 in which the input of the second 
active amplifier device is directly connected 
across the resistive load of the first active 

. amplifier device. 35 

10. A loudspeaker arrangement according 
to claim 6 and any of claims 7 to 9, in 
which the output terminal of the said amplifier 
is connected to said diaphragm, the output 
terminal of a second similar amplifier is con- 90 
nected to both driver plates and a phase 
inverter means is provided to invert the audio 
mput of one of said amplifiers with respect 
to the other, 

11. A loudspeaker arrangement according to 95 
any of claims 7 to 10, in which, for the or 
each amplifier, the active amplifier devices 
and the constant current generator comprise 
respectively first, second and third thermionic 
valves each having at least a cathode, anode 100 
and a control grid, and the anode of the first 
valve is connected through a resistor to the 
amplifier's output terminal and the cathode 
of the second valve, the cathode of the first 
valve and the anode of the second valve are 105 
connected across a DC potential in excess 
of one thousand volts, the anode of the second 
valve being positive, the anode of the first 
valve is connected to the grid of the second 
valve, and the grid of the first valve is con- 110 
neaed to the anode of the third valve and 
through a resistive feedback path to the output 
terminal. 

12. A loudspeaker arrangement according to 
claim 11 in which means is connected between 115 
the output terminal and the anode of the 
fir^ valve, across said resistor to prevent said 
resistor from limiting the amount of current 
which said first valve can supply to said output 
terminal. ^20 

13. A loudspeaker system comprising a 
loudspeaker arrangement as claimed in any of 
claims 6 to 12, an acoustic lens which is 
disposed to disperse sound waves emitted 
from one side of the loudspeaker, the lens 105 
comprising a series of laterally adjacent 
channels which together narrow to a throat 
region and curve apart at their outlets and 
an enclosure which is adapted to contain 
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backwardly moving soimd waves emitted from 
•die other side of liie loudspeaker. 

14. An electrostatic loudspeaker substanti- 
ally as hereinbefore described with reference 
to and as illustrated in Figures 1 to 5 of the 
accompanying drawings. , 

15. A loudspeaker system substantially as 
hereihbeifore described with reference to and 



as iUustratcd in any of Figures 1 and 7 to 9 

of the accompanying drawings. 10 

BOULTjWADE&TENNANT, . 
34, Cursitor Street 
London, EC4A IPQ. 
Cahartered Patent Agents. 
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